ABSTRACT The results of a cancer mortality study among workers employed in the production of vinylchloride and polyvinylchloride between 1939 and 1977 suggest a significant increase in deaths from malignancies of the lymphatic and haemopoietic tissues. Mortality for tumours of the digestive organs, respiratory system, bone and connective tissues, brain, and skin are also greater than in the general population. There were no registered cases of liver angiosarcoma in the study cohort during the follow up period. The risk of cancer was highest among the workers exposed to concentrations of VC of 300 mg/m3 and more who had worked at the plant for 15 to 19 years. The relatively high number of leukaemias and lymphomas in the study group and the absence of liver angiosarcomas probably reflects specific carcinogenic action of different doses of vinylchloride.
The carcinogenicity of vinylchloride (VC) has been studied only recently although this compound was synthesised almost 150 years ago' and its industrial production in many countries started in the late 1930s.
The first clinical and hygiene study of the occupational setting and health of workers in plants producing VC and polyvinylchloride (PVC) was undertaken in the USSR in the early 1950s. This study showed heavy air pollution with VC in the shops of the plant, reaching levels of 100-800 mg/m3.2 This exposure resulted in a high frequency of occupational toxic angioneuroses in the workers3 and led to the legislative limitation in the USSR (1957) of the VC level in the working zone to a maximum permissible concentration (MPC) of 30 other workers have confirmed that VC is carcinogenic to animals.9 -14 In 1974 the first reports on cases of liver angiosarcoma among workers occupationally exposed to VC appeared. The frequency of this disease in the exposed groups was 300 to 600 times higher than in the general population. '5 16 The study presented here was aimed at evaluating the prevalence of malignant disease among workers employed between 1939 and 1977 in several Soviet enterprises producing VC and PVC.
Materials and methods
The base of the study was one of the oldest Soviet chemical plants where VC and PVC have been produced for various periods and under different technological patterns.
The data on the specified workers were obtained from the registers of the administrative department and from attendance journals and lists of particular shops. For every member of the study cohort the following data were collected: specified occupation, duration of employment in a VC exposed job, data and cause of death, and results of any postmortem study. The documents analysed were the death certificate, medical histories of disease, and necropsy protocols of those who had died from cancer.
The cohort included all employees who had worked in a VC exposed job for at least one month as well as those who had changed their place of employment, were retired, left through ill health, or were dead. 94 Thus the study cohort consisted of 3232 workers (2195 men, 1037 women).
The death rates in the cohort were determined by considering both the number of observed subjects and the period of observation. ' 8 The results of the hygiene study of the occupational environment in VC production for the period 1953-66 were treated by methods of variational statistics with identification of average VC concentrations for particular workplaces. '9 The extent of VC influence on the workers resulting from the average VC doses that they had been exposed to while working was estimated within the following gradation:
high level-mean concentrations of VC > 300 mg/m3; moderate level-VC concentrations 30-300 mg/m3; low level-concentrations <30 mg/m3. For the quantitative estimation of the "share" of VC and PVC in the total process of cancer development in the workers of this industry the technique of factorial dispersion analysis20 was used.
Smulevich, Fedotova, Filatova Results
Between 1939 and 1977 288 deaths were registered in the cohort, including 63 from cancer. Histological confirmation of the diagnosis of cancer was available for 60% of the cases.
As shown by the SMRs, the workers in VC-PVC plants have an increased cancer mortality by comparison with the general population of the city (table  1) . This was particularly noticeable for lung tumours, pancreas, bones and connective tissue, skin, and brain. The observed mortality from leukaemias and lymphomas is significantly higher than expected. No cases of angiosarcoma or other liver tumour were noted.
For the male workers exposed to VC, the total cancer mortality was somewhat lower than in the male population of the city. The numbers of cases of pancreatic cancer, lung cancer, tumours of the bones and genitalia, and leukaemias, however, were higher than expected but not significantly so.
The cancer mortality for the female workers was greater than expected due to malignancies of the stomach, rectum, skin, brain, and lymphatic and haematopoietic tissues. The excess for leukaemias and lymphomas was statistically significant.
As was clear from the analysis of working conditions at the plant there were three categories of workers based on the intensity of exposure to VC-PVC. The first group (highest exposure) consists of the workers of the major occupations (apparatus operators, fitters) employed in producing VC by dehydrochlorination of dichlorethane in the 
Increasing evidence of the rise of cancer in workers exposed to vinylchloride (table 2) . More men in these groups died than in the general male population from cancer of the stomach and lung and from leukaemias. It is of interest that only in the high and moderate exposure groups of male workers were cases of lung cancer noted. This supposes some effect of smoking, an essential factor in the development of lung cancer21 -23 that might enhance the carcinogenic influence of VC.
Among the female workers exposed to the highest doses of VC, the SMRs are high and significant for malignancies of the stomach, and for leukaemias and lymphomas.
The workers in the lowest exposure group also had the lowest SMRs. 
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Thus there is a clear relation between cancer mortality and the level of VC exposure in the study cohort: the workers subjected to doses higher than 30 mg/m3 have a higher risk of cancer than those with minimal contact with this compound. Table 3 presents the distribution of deaths from cancer in the groups with different periods of employment. The highest SMR is in the group having worked at the plant for 15-19 years.
The treatment of the results by factorial dispersion technique for estimating the share of influence of VC (in dependence of level and duration of its action) on the risk of cancer have confirmed its significant role (5-8%, p < 0001) in the development of tumours among the exposed workers.
Discussion
Our study has shown an increased cancer mortality in the workers employed in the production of VC and PVC, compared with the general population. An increased frequency in malignancies of the digestive organs, respiratory tract, brain, and lymphatic and haematopoietic tissues observed in this study is in accord with the results of similar studies of workers in VC-PVC plants in the United Kingdom, W Germany, France, United States, and other countries. [24] [25] [26] [27] [28] [29] In our study no angiosarcomas were noted; these tumours are considered by some authors to be a specific occupational disease of VC workers. 23 
